phenotypes. Insertion of the transposon yb (TnlO00) into a specific part of this plasmid invariably results in both the Dye-and Fex-phenotypes, indicating that these phenotypes derive from mutation in a single gene. Complementation tests between such insertions and sfrA4, a previously isolated mutation resulting in a Fex-phenotype and reported to code for a transcriptional control factor for F (L. Beutin, P. A. Manning, M. Achtman, and N. Willetts, J. Bacteriol. 145:840-844, 1981), indicated that dye and sfrA4 were mutations in a single cistron. It is proposed that the dye (sfrA) gene product is necessary not only for efficient transcription of the F factor genes, but also for some component(s) of the bacterial envelope, loss of which results in sensitivity to toluidine blue.
Conjugal transfer of DNA in Escherichia coli is dependent upon the presence in the donor cell of a sex factor (14, 17) , and for the sex factor F a number of tra genes have been identified coding for F pilus synthesis, mating aggregation, and DNA transfer (for review, see ref. 29) . Nevertheless, the expression of such donor properties has been shown to be strongly dependent upon the physiological state of the donor cell (7, 8, 24) , and hence, cellular functions and cell components determined by chromosomal genes are also likely to be important in conjugation. Since the F factor is a dispensable genetic element, it seems likely that it utilizes chromosomal genes which also function in the general physiology of the bacterium. The isolation of chromosomal mutations resulting in male sterility could therefore be a way of identifying new cellular functions.
A number of such chromosomal mutations which result in male sterility but do not affect the inheritance of the sex factor have been identified (1, 4, 18, 20) . We have previously isolated deletions at 99 to 100 min on the E. coli genetic map, extending from the deo genes to thr, which confer such a Fex-(F expressionless) phenotype. These deletions define a gene lying between trpR and thr which we termed msp for male-specific phage resistance since we identified this gene by this mutant phenotype (4). In Hfr or F' strains, this deletion results in the loss of the ability to transfer genetic markers. Subsequently, others have isolated mutants with similar properties, probably deriving from point mutations, which also map in the same region of the chromosome, variously termed fex, for F expression (18) , sfrA, for sex-factor regulation (1), and cpxC, for conjugative plasmid expression (20) , by methods specifically designed to isolate male-sterile mutants. In this paper we use the mnemonic Fex.
Similar deo-thr deletions were also later isolated by Roeder and Somerville (25) . These authors defined the position of a gene, dye, important for cellular resistance to methylene blue and toluidine blue, suggesting an alteration in the permeability properties of the cell consequent upon changes in the cell envelope.
Since the Dye-and Fex-phenotypes do not represent readily selectable unique phenotypes, we have studied the relationship between these phenotypes after first identifying a plasmid clone carrying these genes and then inserting the transposon yb (TnJO00) into the cloned genes. This is particularly easy because insertions of -yb are readily isolated (12) and occur in any particular Tables 2 and 3 ), the following procedure was used: donor cells were grown overnight at 35°C in LB + kanamycin to retain the F', F' pro lac(::Tn5); the recipient strain (9-9, rpsE) was grown in LB. These cultures were diluted 1/20 into LB and grown at 37°C for approximately 2 h. Matings were performed by mixing 0.1 ml of F-and 0.9 ml of F' in small tubes for 15 min at 37°C. These were then diluted 1/10 into LB + spectinomycin and were shaken at 37°C for 1 h. Samples (0.1 ml) were plated out for Kmr Spr recombinants. The numbers of F'-carrying donor cells were determined by a viable count on L agar + kanamycin, or L agar + kanamycin + ampicillin for strains carrying plasmid pBR322 and derivatives.
Rapid mating tests were either performed in small tubes followed by streaking out on selective plates, or by replicating mating mixtures from Bertani dishes (Elesa microculture containers, Elesa SPA, Milan, Italy) with a replicator constructed from nails.
Restriction endonuclease digestion and ligation of DNA fragments. Endonuclease digestions were performed in NM buffer (10 mM Tris-hydrochloride, pH 7.5, 8 mM MgCI2, -0.01% gelatin, 1 mM DL-dithiothreitol) at 37°C with added NaCl as required (9) . Restriction endonucleases were mainly purchased from New England Biolabs, Beverly, Mass., and Bethesda Research Laboratories, Inc., Gaithersburg, Md. Sall was a gift of L. Harper.
T4 polynucleotide ligase was from P-L Biochemicals, Inc., Milwaukee, Wis., kindly donated by G. T. Yarranton. Ligation was carried out at 15°C in 66 mM Tris-hydrochloride (pH 7.6)-6.6 mM MgCl2-10 mM dithioerythritol-0.4 mM ATP (pH 7.0). Restrictions by Sall were terminated by phenol extraction and ethanol precipitation before ligation.
Gel electrophoresis. Analysis of restriction fragments was carried out on horizontal 0.7% agarose gels (19) in 89 mM Tris-89 mM borate-2.5 mM Na2EDTA, pH 8.3, for 16 h at approximately 1.5 V/cm. Samples of approximately 1 ,ug of DNA in 30 1.l were used. Gels were stained with ethidium bromide (1 ,ug/ml) for 1 h, and DNA bands were identified by UV fluorescence. EcoRI-and EcoRI-BamHI-generated fragments of lambda DNA, kindly donated by P. J. Piggot and M. G. Sargent,-were used as molecular weight standards. Plasmid DNA extraction. Plasmid DNA was extracted as described by Guerry et al. (10) after amplification with chloramphenicol (100 ,ug/ml) for pBR322-derived plasmids or with spectinomycin (300 ,ug/ml) for pACYC184-derived plasmids (6), followed by ethidium bromide-cesium chloride isopycnic density gradient centrifugation to remove chromosomal DNA.
Transformation. Bacteria were transformed as described by Brown et al. (3) .
F pilus visualization by electron microscopy. Exponentially growing bacteria (1 ml) were mixed with approximately 1011 R17 phage and incubated for 15 min at 37°C. The addition of RNA phage prevents F pilus retraction (23 Adye 0.00017 0.000032 41 0.00013 18 a Matings were performed as described in the text. The recipient strain used was 9-9 (rpsE). Donors used were F' pro lac::TnS derivatives of the dye+ strain RB85 and the Adye strain RB979.
b pRB9 is the plasmid from strain RB2032 (see Fig.   1 ). c pRB35 has yB inserted elsewhere in pRB1.
RESULTS Isolation of deo-thr deletions. We have previously inserted plasmid X cI857 S7 into the deo operon of E. coli, mapping at 99 min (4). The rare heat-resistant survivors from a A cI857 S7 lysogen plated at 41°C often derive from cells in which the phage genes involved in the lethal functions have been deleted (22, 27) , and the deletion may extend into an adjacent bacterial region (27) . By isolating such heat-resistant derivatives, we noticed that some, although Hfr, failed to donate markers to an F-strain, and we have shown (4) that a gene, msp, which determines resistance to the male-specific phages R17 and ,2, lies between trpR and thr. Male strains with this deletion failed to make F pili. Because of its phenotype and map position, msp seemed likely to be the same as fex, sfrA, and cpxC. Since we had difficulty determining resistance to male-specific phages in certain strains, we found it operationally easier to have this deletion in an F-strain and to test for male sterility by transfer of an F'. We therefore isolated a new deo-thr deletion in an F-strain, RB85 (thr rpsL), by crossing in the deoD::X cI857 57 from the HfrH strain RB400, selecting for Thr+ Str recombinants, and isolating heat-resistant revertants of the resulting recombinant. This strain, RB979, had apparently lost a continuous linear segment of DNA from deoD to thr, ipcluding serB, resulting in serine and threonine requirements, and was sensitive to the methylene blue analog toluidine blue (200 jig/ml) (Dye-). When F' pro lac(: :TnS) was introduced by selecting for kanamycin resistance, RB979 was unable to donate this to F' strains and hence was Fex-( 6 -kb SalI fragment carrying the dye" gene has been subcloned into the tet gene of plasmid pBR322 by ligating a SalI digest of pRPG1 with a Sall digest of pBR322 and transforming into strain RB979, selecting for ampicillin resistance, and scoring for Dye resistance. The resulting plasmid, carrying a 6-kb SalI insert, was named pRB1. It was Tcs. Unlike strain RB979, when F' pro lac(::TnS) was introduced, the pRB1-containing strain had F pili and transferred the F' to F-strains at normal frequencies, thus being Fex+ ( Table 2 ). The dye andfex mutations are therefore recessive to the wild-type alleles.
Since the deletion in strain RB979 extends from deo to thr and since the 6-kb fragment lies within that region (it does not carry thr+), there should, therefore, be no homology between the cloned DNA fragment and the chromosome and no problems of recombination between cloned DNA and the chromosome.
Restriction analysis of this plasmid confirmed the results of Gunsalus et al. (11) that there were to BamHI, SalI, or EcoRI restriction sites within the 6-kb Sall fragment. However, unlike Gunsalus et al. (11), we did find a HindIII site very close (0.1 kb) to one Sall site (Fig. 1) . We presume this is the HindIlI site which these authors placed just outside the 6-kb Sall fragment, on the trpR side. If so, this would orient the 6-kb fragment on the chromosome as shown in Fig. 2 Table 2 .
Assuming that yb insertion takes place at random (12), we conclude from this result that Dye' and Fex-are phenotypes both derived from mutation in a single gene. If, for example, dye was transcribed before fex from a single promoter so that insertions of -yb into dye were alsofex, we would expect to obtain at least some dye' fex insertions. None of these was found.
Both the Dye-and Fex-phenotypes were easy to score, and we do not, therefore, think that we are overlooking mutants with only one phenotype.
One of these plasmids with a yb insertion into dye was used in a complementation test with the SfrA-mutant ED3868 (sfrA4), isolated by Beutin and Achtman (1). Strains ED3867 (sfrA+) and ED3868 (sfrA4) were each mated with the F' strain 52R963, carrying F' pro lac::TnS, selection being made for Kmr Str recombinants. The resulting F' strains were then transformed with the plasmids pBR322, pRB1, pRB9 carrying a -yb insertion in dye, and pRB35 with yb in another part of the plasmid. The F' strains were then mated with the F-strain 9-9 to test for the Fex J. BACTERIOL. phenotype (Table 3) . From the results it can be seen that pRB9 with yb in dye did not complement the sfrA4 mutation, whereas both pRB35 and pRB1 did complement it to some extent. We therefore conclude that dye and sfrA4 are mutations in the same cistron. Beutin and Achtman (1) have shown that all the sfrA mutations isolated (six) belong to one cistron.
Strains with the sfrA4 mutation and other strains with sfrA mutations appear to be quite leaky with regard to their Fex phenotypes compared with strains having the A(deo-thr) deletions (Tables 2 and 3 ). Presumably, this reflects the differences between (probable) missense mutations and deletions. We have, however, tested strain ED3868 (sfrA4) for sensitivity to toluidine blue; compared with ED3867 (sfrA+), it formed slightly smaller colonies on standard toluidine blue plates.
The sites of insertion of -yb into dye (sfrA) were determined by making use of the restriction sites within the yb sequence itself (12) . The sites of insertion in four of these plasmids are shown in Fig. 1 . These defined a small region of the plasmid where dye (sfrA) maps. We have subsequently mapped an additional 12 different sites of insertion in plasmids from the mating described above and from other matings, and in all cases the sites of insertion were in the same small region of the plasmid (data not shown). Removal of the DNA between the two KpnI sites did not affect the Dye and Fex phenotypes.
DISCUSSION
The results presented in this paper provide evidence that mutation of the dye gene, mapping between trpR and thr, by insertional inactivation with the transposon yb (Tnl000), causes the bacterium to be sensitive to toluidine blue and also causes male sterility. By isolating a number of such mutants, we have tried to eliminate the possibility that insertion of yb in dye is having a polar effect on a gene involved in F plasmid expression, or vice versa. The recipient strain used was 9-9 (rpsE). The sfrA+ strain was an F' pro lac::TnS derivative of ED3867; the sfrA4 strain was an F' pro lac::TnS derivative of ED3868.
E. COLI dye (sfrA) GENE 1313 A complementation test with the previously isolated SfrA-male-sterile mutant carrying the sfrA4 mutation revealed that dye and sfrA lie in the same cistron. The other male-sterile mutations (fex, cpxC), defined by point mutations and mapping close to thr, are probably also mutant alleles of the same gene. The reason why sfrAcarrying strains are not Dye sensitive is likely to be that they carry leaky missense mutations. The strain carrying sfrA4 was in fact very slightly sensitive to toluidine blue. Strains carrying the deo-thr deletion are considerably more Fexthan those with the sfrA4 mutation (Tables 2 and  3 ).
Mutation of one other gene, seg, mapping between serB and thr, is also known to affect properties of the F factor, resulting in temperature-sensitive replication of the F factor (13, 15) . This gene must be deleted in strain RB979, but apparently F factor replication is unaffected in strains carrying the deo-thr deletion. seg-2 has been shown to be located to the left of trpR (P. L. Bergquist, personal communication) and therefore is not carried on the 6-kb Sall fragment.
Experiments by Beutin et al. (2) have shown that the sfrA gene product is necessary for efficient transcription of the F factor control gene traJ, and, directly or indirectly, for transcription of the traY -+ Z operon. Transcription of traJ was reduced about threefold in the sfrA mutants relative to sfr+ cells. It is probable that this reduction is more dramatic in cells with deletions of sfrA.
In view of the fact that mutation of dye (sfrA) causes these two very different phenotypes Dye-and Fex-, it is proposed that the dye (sfrA) gene product is involved in regulation of some component(s) of the cell envelope, a change in which causes sensitivity to dyes such as toluidine blue, and that the F factor makes use of the dye gene product to regulate transcription of the F factor tra genes. Since dye can be deleted, it does not appear to be essential for the bacterium.
The isolation and study of chromosomal mutants affecting conjugation may therefore be a useful way of probing the regulation of components of the cell envelope. The phenotype of these mutants emphasizes the way in which the physiology of the F factor is bound up with components of the envelope.
Lastly, this report provides an example of how important phenotypic traits may be absent in leaky missense mutants when compared with deletion or insertion mutants.
